several excluded patients with severe anemia. The single study that was limited to iron deficient subjects did not show clear benefit of iron supplementation on RLS symptoms. There was no clear superiority of oral or intravenous delivery of iron. Iron therapy did not result in significantly more side effects than placebo (RR 1.39, 95% CI 0.85 to 2.27).
Authors' conclusions
There is insufficient evidence to determine whether iron therapy is beneficial for the treatment of RLS. Further research to determine whether some or all types of RLS patients may benefit from iron therapy, as well as the best route of iron administration, is needed.
P L A I N L A N G U A G E S U M M A R Y

Iron for restless legs syndrome
Restless legs syndrome (RLS) is a common medical condition that results in uncomfortable urges to move the legs, especially in the evening and at night, and often interferes with sleep. Low blood levels of iron are frequently seen in people who have RLS and the lack of iron may be part of the cause of RLS. Iron can be supplemented either in pill form or through injections into the bloodstream. This review was performed to see if iron supplements are effective in reducing the symptoms of RLS. Six studies of iron were included, which together involved only 192 subjects. Results from the studies were conflicting, with some studies showing that iron was not effective but others showing some help for patients' feelings of restlessness or discomfort. Because of the different ways in which the studies were done, we could not combine results from all of the studies to come up with an overall judgement of whether or not iron is effective. Two of the studies were limited to specific sub-groups of RLS patients, who might be expected to respond to iron differently than would the RLS group as a whole. The study of RLS patients with severe kidney disease showed a benefit of iron therapy. The study of RLS patients with low blood levels of iron did not consistently show a benefit of iron therapy at all time points. Iron did not cause any more side effects than the placebo medication. More studies are needed before we will be able to determine whether iron therapy should be used for patients with RLS. 
B A C K G R O U N D
Description of the condition
How the intervention might work
Iron deficiency has also been implicated in the pathophysiology of RLS, based on the clinical findings that patients with iron deficiency have a higher frequency of RLS (30%) than those without and that severity of iron deficiency correlates with the severity of RLS symptoms (Earley 2000) . Treatment with dopamine agonists is sometimes complicated by a phenomenon known as augmentation, in which symptoms return with earlier time of onset, greater severity, and more extensive bodily involvement (Allen 2003); this treatment complication appears more likely to occur in those patients who have iron deficiency (Trenkwalder 2008). As with dopamine, iron metabolism exhibits a circadian pattern similar to RLS symptoms; serum iron nadirs occur between 8 pm and midnight, in line with the peak time of RLS symptom severity (Earley 2000) . Two of the most common causes of secondary RLS, pregnancy and end-stage renal disease, are also associated with iron deficiency (Allen 2004). Studies of iron in patients with RLS have demonstrated low cerebrospinal iron levels (Earley 2000) , low iron concentrations in the substantia nigra on magnetic resonance imaging (Allen 2004), and decreased substantia nigra iron stores on autopsy specimens (Connor 2003) . Additionally, iron has known interactions with dopamine, acting as a cofactor for tyrosine hydroxylase, the rate-limiting enzyme in dopamine production. Iron deficient rats have been shown to have altered dopamine functioning, with decreased D2 receptors, decreased dopamine transporter functioning, and elevated levels of extracellular dopamine in the caudate nucleus and putamen (Earley 2000; Nelson 1997) . Based on this presumed pathophysiology, iron therapy has been used for RLS patients, both those with and those without documented iron deficiency. Iron supplementation can be provided orally or intravenously, with several formulations available for each method of delivery. Intravenous iron provides the advantage of replenishing iron stores more quickly than oral therapy, which can take weeks to months, but intravenous therapy carries the added risk of severe complications such as anaphylaxis (Silverstein 2004) . Current consensus guidelines for RLS put forth by the RLS Foundation's Medical Advisory Board recommend iron therapy for patients with a low ferritin (usually less than 20 nanograms per milliliter) and consideration of iron therapy, on a case-by-case basis, for those with a ferritin level below 45 to 50 nanograms per milliliter (Silber 2004) . The optimal timing to assess response to such therapy is not known.
O B J E C T I V E S
To evaluate the efficacy and safety of oral or parenteral iron for the treatment of RLS when compared with placebo or other therapies.
M E T H O D S
Criteria for considering studies for this review
Types of studies
We searched for all controlled trials investigating the treatment of RLS with oral or parenteral iron versus placebo, versus another drug, or with a no-intervention control group. We planned to include controlled trials regardless of whether or not they were randomized or blinded. We planned to include parallel and cross-over trials, but not the second phase of cross-over trials because washout periods are not universally used or may not be long enough. Trials that allowed concurrent use of other medications such as dopamine agonists, anticonvulsants or others were considered suitable for inclusion if they allowed equal access to such medications for patients in the iron and control groups.
Types of participants
We sought trials on adult patients (18 years or over) of either sex, in whom RLS was diagnosed according to expert clinical interview or to explicit diagnostic criteria such as those defined by the International Restless Legs Syndrome Study Group (IRLSSG) (Allen 2003) . We planned to include trials on pregnant women or patients with renal disease (including patients with end stage renal disease who are on dialysis) and use these in the investigation of study heterogeneity.
Types of interventions
Therapy with any dose or regimen of oral or parenteral iron-containing compounds compared with placebo, other drugs or no intervention.
Types of outcome measures
Primary outcomes
The primary outcome considered in this review was restlessness or unpleasant sensations as experienced subjectively by the patient. We did not pre-specify a rating scale or other measure of restlessness, although the majority of studies employed the International Restless Legs Syndrome Study Group severity scale (Walters 2003) . This 10 question, 40 point scale addresses the severity and impact of RLS symptoms.
Secondary outcomes
Secondary outcomes included the following: Efficacy related outcomes: 1) quality of life measures; 2) patient satisfaction with treatment;
3) PLM index (number of periodic limb movements per hour of sleep); 4) sleep quality (subjective and objective); 5) daytime functioning; 6) decreased occurrence of augmentation (according to the definition in Allen 2003). Safety related outcomes: 1) adverse events during treatment; 2) discontinuation rate.
Search methods for identification of studies
Electronic searches
We searched the following databases : The Cochrane Movement Disorders Group's Trials Register (Jan 1995 to April 2011); MED-LINE (Jan 1995 to April 2011); EMBASE (Jan 1995 to April 2011); PsycINFO (Jan 1995 to April 2011); CINAHL (Jan 1995 to April 2011); the Cochrane Central Register of Controlled Trials (CENTRAL, The Cochrane Library, most recently available issue at the time of the search). The lower time period limit was set to 1995 because generally accepted diagnostic criteria did not exist until that date (see Walters 1995). Our MEDLINE search used the Cochrane Highly Sensitive Search Strategy for identifying randomized trials (2008 revision) along with MESH headings and free-text searches designed to identify studies of iron administration and of patients with restless legs syndrome with high sensitivity (Appendix 1). The MEDLINE search was adapted as necessary for use in the other databases searched.
Searching other resources
We checked the reference lists of all included studies for other potentially relevant publications in any language. We contacted the corresponding authors of randomized controlled trials and selected members of the International Restless Legs Syndrome Study Group to attempt to find additional published and unpublished trials. We searched the US National Institutes of Health database of ongoing trials (at: clinicaltrials.gov) for ongoing or unpublished trials.
Data collection and analysis
Selection of studies
Two reviewers (LMT and SB) used the titles and abstracts of the identified citations to exclude trials that clearly did not meet the inclusion criteria of the review. If either reviewer thought that the trial might possibly meet the criteria, the full paper was obtained for further examination. The same two reviewers then reviewed articles that passed this initial screen to determine their fit with the review inclusion criteria. Authorship and results were not blinded. All types of disagreement were resolved by discussion and consensus.
Data extraction and management
We developed a data extraction form to aid in the collection of relevant and important data from included studies. As described above in 'Criteria for considering studies for this review', we abstracted data on participants, interventions, and outcomes. We also abstracted on to this form the trial characteristics to be used in our assessment of methodological quality. In addition, we collected data on potential effect modifiers, including co-morbidities such as end stage renal disease, baseline iron status, and pregnancy. Two reviewers (LMT and SB) extracted and cross-checked the data. We contacted study authors to obtain unpublished information, including outcome data not explicitly stated in the published papers. Disagreements concerning data extraction were resolved through the third reviewer (LAB).
Assessment of risk of bias in included studies
Two reviewers (LMT and SB) assessed the methodological quality of each trial, using the domain-based evaluation outlined in the chapter 'Assessing risk of bias in included studies' in the Cochrane Handbook for Systematic Reviews of Interventions version 5 ( Higgins 2008). We used the kappa statistic to assess agreement among the reviewers regarding quality of the retrieved articles, resolving disagreements by discussion and consensus among all three reviewers.
Measures of treatment effect
Where appropriate, we combined treatment/control differences in the outcomes across studies using random-effects meta-analyses. We analyzed continuous data using weighted mean differences where possible and performed standardized mean difference analyses when different measurements were used among studies.We calculated risk ratios for dichotomous data using the Mantel-Haenszel method and 95% confidence intervals. Where possible, we performed intention to treat or per protocol analysis to control attrition bias.
Assessment of heterogeneity
We analyzed study heterogeneity using Cochrane´s Q-test and Isquare statistics. We planned to investigate the following as potential sources of heterogeneity when sufficient data were available:
• different formulations of oral or parenteral iron; • comparator; • duration of treatment;
• patient characteristics, including pregnancy or end stage renal disease;
• baseline levels of ferritin or other documentation of iron deficiency.
Assessment of reporting biases
We planned to construct a funnel plot to identify possible publication bias.
Sensitivity analysis
We planned to conduct sensitivity analyses for high-versus lowquality trials and for parallel group versus cross-over trial designs. We prespecified subgroup analyses to examine the effects of different types of patients (e.g., pregnant women or patients with ESRD) and different formulations of iron (oral versus parenteral).
R E S U L T S
Description of studies
The initial searches yielded fourteen potentially relevant trials, one of which (Birgegard 2010) was published during the preparation of this review and one (Allen 2009) was initially published only in abstract form. Of these, six studies met criteria for inclusion (Allen 2009 , Davis 2000 , Earley 2009 , Grote 2009 , Sloand 2004 , Wang 2009 ), for a total of 192 subjects. Eight trials were excluded because of 1) lack of a non-iron control group (Birgegard 2010 , Earley 2004 , Earley 2005 , O'Keeffe 1994 , Simakajornboon 2003 , Mohri 2008 , Zilberman 2010 , and/or 2) subject age younger than 18 (Simakajornboon 2003 , Konofal 2008 , Mohri 2008 , and/or 3) study performed prior to standard RLS criteria definition in 1995 (O'Keeffe 1994). All six included studies were randomized, placebo-controlled, parallel group trials. In the included studies, RLS was defined using the 1995 IRLSSG criteria (Walters 1995) in one study (Sloand 2004 ), the 2003 IRLSSG criteria (Allen 2003 in three studies (Allen 2009; Grote 2009, Wang 2009), the Johns Hopkins telephone diagnostic interview for RLS in one study (Earley 2009) , and by clinical interview by a neurologist in one study (Davis 2000) . In this latter study, 24 of 28 subjects met all four diagnostic criteria for RLS using the 1995 criteria. One study (Grote 2009) included only subjects who were iron deficient (defined as a serum ferritin < 45) and a second study included only those with low or low-normal iron stores (serum ferritins ranging from 15-75) (Wang 2009). One study (Sloand 2004) included only patients on dialysis (hemodialysis or peritoneal dialysis), while renal disease was an exclusion criteria for four of the remaining studies (Allen 2009 , Earley 2009 , Grote 2009 , Wang 2009 . No studies included pregnant women. Two studies administered oral iron (both as ferrous sulfate 325 mg twice a day) (Davis 2000, Wang 2009), while the remaining four used intravenous iron preparations, two of which were iron sucrose (Earley 2009, Grote 2009), one of which was iron dextran (Sloand 2004), and one of which was ferric carboxymaltose (Allen 2009). Our primary endpoint of restlessness or unpleasant sensations was evaluated in five of the included studies, using the International Restless Legs Syndrome Study Group severity scale (IRLS) in four studies (Allen 2009 , Earley 2009 , Wang 2009 , Grote 2009 ) and a scale developed at the University of Rochester in the fifth (Sloand 2004). In the first trial (Davis 2000), 28 patients were randomized to receive either placebo or oral ferrous sulfate liquid, 325 mg twice a day for 16 weeks, at which point subjects who wished to continue the study drug as monotherapy were followed for an additional ten weeks. Exclusion criteria included anemia with a hemoglobin less than 10, pregnancy, and current or recent treatment with iron sulfate. Iron status and renal function at baseline were not part of the inclusion or exclusion criteria. RLS symptoms were measured with two visual analog scales, the first which quantified the extent to which RLS symptoms interfered with sleep and the second which quantified how RLS symptoms affected each subject's life. In the second trial (Sloand 2004), 25 subjects with end-stage renal disease on dialysis (22 on hemodialysis, 3 on peritoneal dialysis) were randomized to receive either intravenous iron dextran or placebo. Both interventions were given as a 15 mL test dose (30 mg of iron dextran) over three minutes followed by 1 hour of observation for adverse reactions; if no adverse reactions were noted, the remaining 485 mL (970 mg of iron dextran) was infused over three hours. RLS symptoms were measured at baseline, 1 week, 2 weeks, and 4 weeks after infusion using the University of Rochester RLS severity scale developed for this study. This threequestion scale assesses frequency of RLS symptoms within the last two days, the amount of distress caused by RLS symptoms, and the duration of symptoms to generate a score from 0 to 10 point scale (with higher numbers corresponding to increased RLS severity). Allen et al (Allen 2009) enrolled 46 subjects, of whom 43 received all doses of study medication. Subjects were randomized to receive either intravenous ferric carboxymaltose or placebo. Iron was delivered as 500 mg of ferric carboxymaltose in 100 mL of normal saline, given on day 0 and day 5. Normal saline was given using the same volume and schedule to subjects in the placebo group. Following day 28, subjects were assigned to receive ferric carboxymal-tose or normal saline based on their serum ferritin and IRLS scores at day 28. Because the treatment assignation at day 28 was not randomized (although it remained blinded), we only considered data gathered before the treatment given on day 28. IRLS scores were measured at baseline, day 14, and day 28. Other outcome measures included the RLS Quality of Life scale (RLS-QoL), the Medical Outcomes Study sleep scale (a subjective measure of sleep quality), periodic limb movements (measured via leg actigraphy), the Clinical Global Inventory of Change, a patient global rating of change, and the Fatigue Severity Scale. The full manuscript (Allen 2011) was published during revision of this review, so data analysis was performed on pre-publication data provided by the authors. In the trial by Earley et al (Earley 2009), 21 subjects were randomized to receive either intravenous iron or placebo. A prespecified interim analysis was performed after 18 subjects had been enrolled, at which point the study was discontinued because of lack of effect of the intervention, so three of the randomized subjects did not complete the protocol. Intravenous iron was given as iron sucrose, 500 mL (containing 500 mg iron sucrose) over 10 hours, followed by a second infusion over 12 hours the following day. The same infusion schedule of saline was given to the placebo group. IRLS scores were measured at baseline and two weeks following intervention. Other outcome measures included a global rating scale of RLS severity, periodic limb movements during wake and sleep, changes in cerebrospinal fluid ferritin and transferrin levels, objective sleep quality (total sleep time and sleep efficiency during polysomnography), and changes in iron index within the substantia nigra on MRI. Grote et al (Grote 2009) randomized 60 subjects, all of whom were iron-deficient (based on a serum ferritin less than or equal to 45), to receive either intravenous iron or placebo. Iron was delivered as 200 mg of iron sucrose (10 mL of 20 mg/mL Venofer), given five times over a three week period. The placebo group received the same volume and dosing schedule of 0.9% NaCl. The IRLS scale was measured at baseline, week 3, week 7, week 11, 5 months, 8 months, and 12 months. Serum ferritin and the Epworth Sleepiness Scale were both measured as well. Wang et al (Wang 2009) enrolled 18 subjects with low or lownormal ferritin levels (serum ferritin 15-75) to receive either oral iron (ferrous sulfate 325 mg bid) or matched placebo for twelve weeks. IRLS scores were measured at baseline, six weeks, and twelve weeks after intervention. Serum ferritin was also measured at 12 weeks, as was a single question regarding change in quality of life compared to prior to beginning the study medication (rated as improved, stayed the same, or worsened). Compliance (based on manual pill count) was measured at 6 and 12 weeks.
Risk of bias in included studies
Several of the studies had inadequate reporting, which limited our assessment of potential bias (Figure 1 ). Sequence generation was not clearly described in four of the studies (Allen 2009 , Davis 2000 , Earley 2009 , Sloand 2004 . Two studies were subject to possible unblinding because a study nurse or physician who interacted with subjects (although did not assess outcomes) were aware of allocation status (Allen 2009, Earley 2009). Incomplete outcome data were a potential problem in two studies (Davis 2000 , Sloand 2004 ). In the study by Davis et al, 6 of 14 iron-treated subjects but only one of 14 placebo-treated patients withdrew before analysis at 14 weeks (the time of primary outcome measurement) and no imputation of missing values was performed. Sloand et al reported two drop-outs in the placebo group but reported outcome data for the entire group, without a clear discussion of how outcome data was imputed for the subjects who dropped out. It is difficult to fully rule out the possibility of selective outcome reporting in any of the trials without published protocols (Allen 2009 , Davis 2000 , Earley 2009 , Sloand 2004 , Wang 2009 ). Only one trial (Grote 2009) was registered in a publicly accessible trial registry (www.controlled-trials.com). This registration specified the same primary and secondary outcomes as reported in the published paper, but the date listed as the date on which the trial number was assigned was almost three years after the anticipated end date of the trial. Other biases were possible or probable in four studies. The intervention groups were imbalanced with respect to important potential confounders in one study (Sloand 2004) , with mean baseline RLS severity scores being two points higher (out of a possible 10) in the placebo group and with duration of dialysis being longer in the placebo group (3.3 vs 2.5 years). Both of these could potentially indicate more severe disease in the placebo group, which might be more refractory to therapy. Two studies (Allen 2009, Grote 2009) were funded by the pharmaceutical companies selling the iron formulations tested in the studies. One study (Earley 2009) stopped early based on a pre-specified interim analysis of the data, which suggested that continuing the study to the planned enrollment targets was unlikely to show significant differences between the intervention groups. Kappa for agreement between two reviewers about risk of bias was 0.32. 
Effects of interventions
The included studies did not all report the same outcome measures. For our primary outcome measure, subjective restlessness or leg discomfort experienced by the patient, data were available from five studies. Four of these studies (Allen 2009 , Earley 2009 , Grote 2009 , Wang 2009 ) used the IRLS scale and the fifth (Sloand 2004) used a severity scale developed for use in the trial. Of the three studies using the IRLS and IV delivery of iron, Allen reported data for 9 and 23 days following completion of infusions, Earley reported data for two weeks after infusion, and Grote for three, seven, and eleven weeks after infusion, as well as 5, 8, and 12 months after infusion. Wang reported changes in IRLS at 6 and 12 weeks after beginning twice daily oral iron. For the purpose of comparing changes in IRLS scores across studies, we analyzed changes in IRLS scores at 2 weeks in the Earley study, as this was the only time point available, 3 weeks in the Grote study (as this was the closest time point to that used the Earley study, which was also an intravenous iron study), 3 weeks (23 days) in the Allen study (to be consistent with the Grote study and because the majority of outcome measures were only measured at this time point), and 12 weeks in the Wang study (the duration of the intervention). Combining these four studies, there was no significant difference in change in IRLS scores between iron treatment groups and placebo (mean difference -3.79, 95% CI: -7.68 to 0.10, p = 0.06) ( Figure 2 ). Standardized mean differences including data from the Sloand study could not be computed because the Sloand study reported results as medians rather than means, but this study did find a significant difference in change in RLS severity scores between the iron and placebo groups at 2 weeks (median decrease of 3 points in the iron group and no change in the placebo group, p = 0.01).
Figure 2. Change in IRLS severity scale score.
Changes in quality of life with treatment were assessed in three studies (Allen 2009 , Davis 2000 , Wang 2009 ). There was no difference in change in quality of life between the treatment and placebo groups using a dichotomized measure of improved versus unchanged or worsened (RR 2.01, 95% CI: 0.54 to 7.45, I 2 = 54%), but there was an improvement in quality of life measured as a continuous variable (SMD 0.72, 95% CI 0.21 to 1.24, I 2 = 0%); each measurement of quality of life was available from two of the three trials. All studies assessed patient satisfaction with treatment, either directly or indirectly. In three of the studies, satisfaction was measured directly at a certain time point, when subjects were asked if they would prefer to remain in the study or leave the study to start different therapy for RLS (Allen 2009 , Davis 2000 , Earley 2009 ). In the remaining three studies, subject drop outs due to lack of efficacy of therapy were reported. Combining these two measures to determine the proportion of subjects who chose to leave the study due to lack of efficacy, there was no difference between iron and placebo groups (RR 0.62, 95% CI 0.30, 1.28, I 2 = 53%). The Allen study was not included in this summary measure, because satisfaction was assessed after day 28 (at which time some subjects received additional, non-randomly allocated iron treatment). Periodic limb movements of sleep were measured in two studies (Allen 2009, Earley 2009), by actigraphy or polysomnography. The decrease after treatment was not significantly different between iron and placebo groups (SMD -0.19, 95% CI -0.70 to 0.32, I 2 = 0%). Subjective sleep quality was assessed in two studies (Allen 2009, Davis 2000), using different measures. Sleep quality was not found to be different after treatment with iron versus placebo (SMD 0.19, 95% CI -0.58 to 0.95, I 2 = 52%). Objective sleep quality, measured as sleep efficiency during polysomnography, was not significantly different between iron and placebo groups (-35.5 +/-92.0 versus -41.4 +/-98.2) in the single study that measured it (Earley 2009). Daytime functioning was assessed in one study using the Epworth Sleepiness Scale, a subjective measure of propensity to fall asleep during routine activities (Grote 2009). Epworth scores were not given for the treatment groups, but were noted not to be significantly different from placebo at any time point. Changes in the rate of augmentation was not explicitly addressed in any of the included studies.
Adverse events were noted for five of the six studies. In four of the studies, data was reported (Davis 2000, Sloand 2004) or available from the authors (L. Grote, R. Allen) by number of subjects in each group to experience any adverse event. In the other (Earley 2009), adverse events were listed but it was not clear whether adverse events were unique occurences or whether an individual subject may have had more than one adverse event. For the purpose of our meta-analysis, therefore, only data from the first four studies were included. The risk of having any adverse event was no different between iron and placebo groups (RR 1.39, 95% CI 0.85 to 2.27, I 2 = 51%). Gastrointestinal side effects (nausea/vomiting, constipation, diarrhea, and abdominal pain) were considered as unique events (i.e., counted as separate occurences even if they occurred in the same patient) and were no more common in iron than placebo groups (RR 1.97, 95% CI 0.96 to 4.06, I 2 = 2%). Subjects were no more likely to drop out of the study due to adverse events in the iron than the placebo group (RR 2.44, 95% CI 0.53 to 11.24, I 2 = 0%); no drop outs due to adverse events occurred in three of the studies (Allen 2009; Earley 2009; Wang 2009). Subgroup analyses by patient type were possible for the subgroups of ESRD and baseline iron deficiency. Only one study explicitly included patients with ESRD (Sloand 2004), and this study did show a significant improvement in RLS severity scores at 2 weeks. One study included only subjects who were iron deficient (as defined by a serum ferritin < 45) (Grote 2009), with an additional study limited to those with low and low-normal iron store (as defined by serum ferritin levels between 15 and 75) (Wang 2009). Neither the Grote study alone nor both studies in combination found an improvement in IRLS scores in the treated group compared to placebo for our specified time points, although the Grote study did find a significant improvement at another time point (albeit not their prespecified primary endpoint). Two studies (Allen 2009, Davis 2000) reported that baseline iron stores were not different between subjects who responded to iron therapy and those who did not. Considering type of iron delivery (oral versus intravenous), the one study to use both oral iron and a measure of RLS severity (Wang 2009) found a significant improvement in RLS severity with treatment, while intravenous iron was associated with significant improvements in two of three studies (Allen 2009, Sloand 2004). Sufficient data were not available to conduct sensitivity analyses for low versus high quality trials nor parallel group versus crossover trials. There was moderate heterogeneity for our primary outcome measure (I 2 = 52%). Heterogenity decreased when only IV studies were considered together, suggesting that method of iron administration explained some of the observed heterogeneity. All studies used a placebo comparator, so this was not a source of heterogeneity. When studies reported multiple time points for outcome measurement, we chose the time point closest to that reported in other studies to minimize heterogeneity from duration of therapy. The IV studies measured outcomes at 2-3 weeks and the oral studies at 12 weeks, so heterogeneity caused by difference in time of outcome assessment cannot be separated from difference in method of administration. Baseline severity of PLMS might have contributed to heterogeneity, as PLMS greater than 15/hour were required for inclusion in Allen 2009 and Earley 2009 but PLMS causing significant sleep disruption were an exclusion criterion in Wang 2009. Considering only those studies in which subjects had low or low-normal iron status at baseline resulted in greater heterogeneity (I 2 = 77%), suggesting that baseline iron stores did not account for observed heterogeneity.
D I S C U S S I O N
There is insufficient evidence to conclude whether iron is beneficial for the treatment of restless legs syndrome. In our meta-analysis of the four studies that reported mean change in IRLS scores, the mean improvement in IRLS was 3.8 points higher in those subjects on iron than those taking placebo. This estimate is lower than the 6 point difference that has been proposed as a clinically meaningful improvement in IRLS scores (Trenkwalder 2007) and the 5.7 point difference observed with dopamine agonist therapy (Scholz 2011). However, due to the small number of included subjects (n = 139), the confidence interval around this estimate is broad and includes estimates that would be clinically meaningful. We were not able to include results from two of the available trials in this estimate, one of which found a significant improvement in subjective RLS symptoms. Additionally, several trials measured outcomes at multiple time points. For consistency, we used data from 2-3 weeks after IV iron and 12 weeks after oral iron. However, the optimal time after iron administration to measure RLS-related outcomes is not known, and in the case of studies that showed significant benefit of iron at only some time points (e.g., the study by Grote et al, Grote 2009), this choice may have obscured a transient effect of iron.
While adverse events were no more common with iron therapy, there may be still be differences in tolerability between oral and intravenous iron for the treatment of RLS. Of the studies that could be included in our analysis of any adverse event, three used intravenous iron and one oral iron. The only one of these studies to show a significantly higher risk of adverse events in the treated group was the oral iron study. Tolerability may be influenced by factors other than route of administration (e.g., formulation of iron).
A lack of power in the primary studies may also have limited our ability to draw conclusions about the efficacy of iron therapy for RLS. Power analyses were only mentioned in four of the included studies (Allen 2009 , Davis 2000 , Grote 2009 , Wang 2009 ). Of these, the studies by Allen and Grote had sufficient power (80-90%) to detect a difference in IRLS scores. However, the study by Davis et al was clearly underpowered, with only a 25% power to detect a difference in their primary outcome (improvement in average quality of sleep). The study by Earley et al may have been underpowered as well, as 36 subjects were originally planned to provide 80% power, but the study was stopped after only 18 subjects had completed the protocol due to apparent lack of effect. Furthermore, although randomized, the two treatment arms were unbalanced at baseline in the Sloand group (Sloand 2004), with more severely affected patients in the placebo group, which may have decreased the power to see an effect in this study.
The role of baseline iron deficiency in the response to iron therapy cannot be fully determined from the available evidence. Stratified response data by baseline iron status were not available for the majority of studies, although two studies found that responders and non-responders did not differ by baseline iron status. Additionally, several of the studies had exclusion criteria that would serve to exclude the most iron deficient subjects from participating. The study by Wang et al excluded those with a percent saturation < 15% or anemia (defined as hemoglobin less than 11.1 in women and 14 in men), the study Earley et al excluded those with hemoglobin less than 12, and the study by Davis et al excluded those with hemoglobin less than 10. Given that iron deficiency is one of the most common causes of anemia, excluding anemic patients would serve to exclude a number of severely iron deficient patients.
A U T H O R S ' C O N C L U S I O N S Implications for practice
There is insufficient evidence to determine whether iron is effective therapy for restless legs syndrome or whether particular subsets of patients (e.g., those with end-stage renal disease on dialysis, those who are iron deficient) are more likely to benefit. Both oral and intravenous formulations of iron were reasonably well-tolerated in the included studies.
Implications for research
Larger, high quality studies are needed to determine whether iron therapy is an effective therapy for RLS. Future studies should also be designed to identify specific patient characteristics (e.g., baseline iron stores, renal function) that may be related to response to treatment. If iron ultimately proves to be beneficial in RLS patients, the question of which formulation of iron is most effective and best tolerated will also need to be answered.
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